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THE EFFECT OF ABLATION OF THE HYPOPHYSIS
UPON THE WEIGHT OF THE KIDNEY OF THE RAT*
M. McQUEEN-WILLIAMS AND K. W. THOMPSON
Unilateral nephrectomy of an animal is normally followed by
hypertrophy of the remaining kidney, providing the animal con-
sumes sufficient protein in its diet.'0 22 This interesting reaction,
which also occurs with certain other paired organs, may conceivably
be utilized for further experiments on the physiology of the kidney.
The excision of one lobe of the thyroid or one adrenal cortex,
as will be recalled, normally causes hypertrophy of the remaining
gland, but this does not occur if the hypophysis is absent.3 6 23 Ample
evidence has been produced to show that in addition to a factor
which causes somatic growth the pituitary supplies "tropic hormones"
without which the subsidiary glands atrophy. The present report
describes experiments which indicate that hypophysectomy also
causes a decrease in the weight of the kidneys and prevents compen-
satory renal hypertrophy.
These effects of hypophysectomy on the kidney were scarcely
unexpected, in view of the profound depression in many metabolic
functions which sets in after ablation of this "master gland." Espe-
cially notable after this operation is the atrophy of the thyroid,
together with a loweringof the metabolic rate and a marked decrease
iin appetite, any one of which might be taken to indicate diminished
"work" of the kidney and therefore cause for its atrophy. For
controls of these most obvious factors, then, it was necessary also to
study compensatory renal hypertrophy in a group of thyroidecto-
mized animals and in a group of normals on feedings paired with
those of hypophysectomized rats.
In preliminary observations we noted a striking diminution in
the size of the hearts and livers of the hypophysectomized animals,
and therefore the scope of the experiment was subsequently enlarged
to include weighing of these organs in all the animals.
Methods
The experimental animals were mature rats of the Mendel stock, kept at
a room temperature varying between 68 and 760. The rats were fed a
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protein-rich diet,* given ad libitum to all save two groups of animals which
were: 1) the normal controls, N", that each day were fed the amount of food
that was consumed the day previously by a group of their hypophysectomized
mates, H" (paired feedings); and 2) the normal unoperated controls, ten in
number, that were fed the average amount eaten daily by the hypophysecto-
mized rats (starved controls).
TI he experiments were conducted according to the following plan: Certain
groups of rats were subjected to an ablation of the hypophysis4 and others of
the thyroid, and at intervals (usually 21 days) following the operation the
right kidney was removed and weighed. After a period of observation (10 to
86 days) following the first nephrectomy the animals were sacrificed.
The post-mortem studies performed on all the animals consisted in a veri-
fication of the ablation of the organs previously operated upon, and a recording
of the weights of the remaining organs. The weights of the right kidneys,
removed at operation, served as controls for weights of the remaining kidneys
examined at autopsy. A group of rats with intact glands of internal secretion
supplied the control weights of the hearts and livers, as well as further control
weights of kidneys.
In calculating8 the results, the standard deviation (cry) was determined
by the formula Vxy'->*YMY and the standard error of the mean by the 2
formula 1. The organ weights with respect to body weight and to age V2-1' h ra egt ihrsec obd egtadt g
were analyzed in this manner. For all the comparisons of one group
(A±Alpha) with another group (B=LBeta) the factor t, was obtained by the
use of the formula ApB For groups of 30, the t value of 2.50 or greater
indicated that the probability of the differences being due to chance was less
than one in 100. WVhen there were fewer than 30 experimental animals in
a group, a value of t higher than 2.50 was considered necessary.
* The composition of the diet15' 25 was as follows:
I) dry food ad lib.
2) dried powdered beef liver, 0.8 gm. daily.
3) 20 gm. lettuce three times weekly.
Dry Food
Yellow corn meal .......... 57%
Skim-milk powder .......... 28%
Casein ........................ 12%
Salt mixture .................... 1
Cod-liver oil .................. 2%o
The salt mixture was:
Sodium chloride, 93 gm.
Ferric citrate, 6.34 gm.
Potassium iodide 0.02 gm.
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Results
The kidneys
In normal rats the average weight of the right kidney was only
35.7 mg. greater than the left (20 animals). Following the abla-
TABLE I
SUMMARY OF DATA ON THE COMPENSATORY RENAL HYPERTROPHY OF RATS
N H T N'
Partial
Hypophy- Thyroid- hypophy-
Normal sectomy ectomy svectomy
Number of rats .................... 40 28 16 18
Body weight (gm.) at time of
nephrectomy 266±14 224±14 1984±19 226±I18
Weight (mg.) of right kidney 905 ± 37 645±-32 620± 35 775±i53
Interval (days) between neph-
rectomy and autopsy 39±t10 35±3 51 4- 44±5
Weight (mg.) of remaining
(left) kidneyatautopsy.... 1319±t50 586±30 908±: 50 1179±90
Body weight (gm.) of rat at
time of autopsy 305±t15 185±11 207416 259±20
A. Ratio of weight (gm.) of
right kidney to body weight
(gm.) at time of nephrec-
tomy (X 100,000) 355 I11 301± 12 344423 3584 17
B. Ratio of weight (gm.) of
remaining (left) kidney to
body weight (gm.) at time
of autopsy (X 100,000).... 452±18 327±11 460±t20 479±45
Age (days) at autopsy 2124±23 209±7 2074 59 149± 13
C.' Value for C=B-A; the
increase in size of the
kidney, when interval was
8-30 days .119±441 28±1 119±41
C." Value for C, when inter-
val was 31-86 days 89± 11 2849 116± 13 132±-47
C. Average value for C (C=
B-A) ............................ 100±14 2846 116±13123±41534 YALE JOURNAL OF BIOLOGY AND MEDICINE
tion of the right kidneys of animals with an intact endocrine system
(group N) the actual weight of the remaining kidney (left)
increased 1Y2 times. The same degree of hypertrophy was noted
in the remaining kidneys of rats that had hypophyseal fragments
persisting after attempting hypophysectomies (Table 1).
Following a complete hypophysectomy there was diminution in
the weight of the kidneys; the right (removed at nephrectomy) was
found to be only 2/3 as heavy as normal. The values based on 40
animals in each group were: for the hypophysectomized, 645 i 32;
0.600 groups t
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N - T 1.00
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- ~~~~~~~~~~H * r 6.27
N'N-N'0.58
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FIG. 1. The weights of rats' kidneys in terms of body weight. The values of
the factor, t, for the various group comparisons are given in the right upper corner
of the figure.
A=right kidney.
B=left kidney at interval following right nephrectomy.
N=normal rats.
N' =rats with hypophyseal remnants.
N"=normal rats of paired feeding group.
T=thyroidectomized rats.
OA=ovariectomized, adrenalectomized rats.
H=hypophysectomized rats.
H" =hypophysectomized rats of paired feeding group.EFFECT OF ABLATION OF THE HYPOPHYSIS ON THE KIDNEY 535
for the normals, 905 ± 37; t was 5.30. Like hypophysectomy,
thyroidectomy alsowas followed by adiminution in the weight ofthe
right kidney; the value was 620 ± 35 (Table 1).
At autopsy the remaining kidneys (left) of the hypophysecto-
mized rats were found to weigh approximately the same as the right
kidneys removed previously, whereas a striking hypertrophy had
occurred in the remaining kidneys of the thyroidectomized and of
the normal rats. The values were: for the hypophysectomized,
586 + 30; forthethyroidectomized, 908 + 50; and for the normal,
1319 + 50 (Table 1).
These striking results require a more detailed description,
because other investigators (Jackson," Walter and Addis26) have
recommended, on the basis of their own experiments, that organ
weights be expressed in terms of the body weight, to which the organ
weights normally and in chronic inanition are proportional. When
the body weights of our animals were thus taken into consideration
the differences in weight between the normal and the hypophysec-
tomized animals' kidneys were still striking and significant, as illus-
trated in Fig. 1 and in Table 1. On the other hand, the kidneys of
the thyroidectomized rats, in terms of their body weights, were
normal before unilateral nephrectomy, and the remaining kidney
hypertrophied normally after this procedure (Fig. 1 and Table 1).
The paired feeding experiment, in which normal unilaterally
nephrectomized rats (group N") were fed the same amount of food
as their hypophysectomized mates (group H"), demonstrated that
with this particular diet the partially starved, unilaterally nephrec-
tomized rats with intact pituitaries had a normal degree of hyper-
trophy of the remaining kidney when this was expressed in terms
of body weight. Thus, the poor appetite and the low food intake
of the hypophysectomized animals apparently had no direct rela-
tionship to the failure of their kidneys to hypertrophy (Fig. 1).
The result in these animals was highly significant, the factor t being
6.05 (Fig. 1).
It will be recalled that adult rats commonly lose much weight
following hypophysectomy. This weight loss occurred in both
groups of rats mentioned in the foregoing paragraph. To investigate
the effect of the low food intake per se, ten intact control rats (no
nephrectomy) were each fed the average quantity of food consumed
bythe rats on the paired feeding experiment, namely, 8 gm. per day.
During their 37 days on the restricted dietary regimen the animalsYALE JOURNAL OF BIOLOGY AND MEDICINE
lost considerable body weight and at autopsy their kidneys were
found proportionately reduced in size. Theweights of left and right
kidneys expressed in terms of body weight (0.353 ± 10 and
0.380 ± 16, respectively) were not significantly different, however,
from the values for kidneys of normal animals fed ad libitum.
The hearts
The weights of the hearts expressed in terms of body weight
were significantly decreased following hypophysectomy (Figs. 2a
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FIG. 2a. The average (actual) weights of
rats' hearts.
N=normal rats.
H=hypophysectomized rats.
T=thyroidectomized rats.
N'=rats with hypophyseal remnants.
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FIG. 2b. The weights of rats' hearts in
terms of body weight. The values of the
factor, t, for the various group comparisons
are given in the right upper corner of the
figure.
N=normal rats.
H=hypophysectomized rats.
T= thyroidectomized rats.
N"= rats with hypophyseal remnants.
and 2b). This change in heart size in these animals may have been
an effect of the atrophy of their thyroid glands, because thyroidec-
tomyalso causedadecrease in the size oftheheart (Figs. 2a and 2b).
These results were statistically significant, t for the former values
(hypophysectomized hearts) being 3.01, and for the latter (thyroid-
ectomized hearts) being 3.04.
536EFFECT OF ABLATION OF THE HYPOPHYSIS ON THE KIDNEY 537
The livers
The livers* of the hypophysectomized rats were smaller than
normal, entirely out of proportion to the decrease in body weight.
This observation was statistically significant, t being 3.32 (Fig. 3).
The livers of the thyroid-
ectomized animals were
normal in weight; the
factor t was 0.
Replacement therapy
The next step in the
experiment was to deter- 8
mine whether compensa- ^
tory renal hypertrophy W
could be brought about in s
the hypophysectomized g
rat by injections of an ex-
tract of pituitary glands. .¢
We obtained some evi- g
dence which indicated
that the kidney was re-
stored by injections of an
extract of beef anterior
lobes, but the data were
too incomplete to warrant
presentation in this re-
port.
Discussion
At the present time of
these results can hardly rit
be interpreted with final-
ity save to state that they
verify what might be
termed a clinical impres-
4.Oor
3,501F
3.00 1
2.50 1
2D0 -
1.50 I
100F
0.50 1
N vsH
N a T
H * T
N - N
332
QLOO
4.40
1.89
N H T N
FIG. 3. The weights of rats' livers in terms
body weights. The values of the factor, t, for
Le various group comparisons are given in the.
ght upper corner of the figure.
N=normal rats.
H = hypophysectomized rats.
T = thyroidectomized rats.
N' = rats with hypophyseal rests.
sion that the pituitary influences the size of the kidney; the results
have no direct bearing on function, which was not investigated.
* The other organs: The actual and the relative weights of the thyroids, adrenals,
gonads, and spleens were significantly less than normal following hypophysectomy.
All were normal following thyroidectomy.YALE JOURNAL OF BIOLOGY AND MEDICINE
There are many observations, clinical as well as experimental,
indicating the existence of integrations between the endocrine glands
and the kidneys, the heart, and the liver. The following, to men-
tion a few, may be cited as illustrations: 1) the atrophy of the three
above-mentioned organs in Simmonds' disease;5 21,27 2) the splanch-
nomegaly, including the heart, the kidneys, and the liver, which
occurs in acromegaly;4'20 3) the occurrence of small hearts in
cretins;7 4) the recognized r8le of hyperthyroidism as an etiological
factor in cardiac disorder;14 5) the effects of total thyroidectomy
upon certain types of cardiac disease;1' 5 6) the production of experi-
mental hypertension by renal ischemia,10 and the amelioration of
experimental hypertension reported to follow hypophysectomy or
adrenalectomy.'7, 18
Whether the "master gland's" action on the kidney is direct or
indirect through an unknown or already known hormone, or merely
by virtue of metabolic products released elsewhere in the body, can-
not be told. It seems safe to state that the present experiments indi-
cate that the effect on the kidney is not due to a cessation of thyroid
activity or to the lowered appetite of the hypophysectomized
animals.
In this connection there are certain observations-that deserve
mention, viz.: Walter and Addis26 have suggested that organ work
may determine organ weight, yet, contrary to their expectations, they
found the kidneys of pregnant rats smaller than normal, although
these kidneys were obviously performing increased "work." Par-
sons et al. have noted'9 an augmented compensatory hypertrophy of
the kidney of unilaterally nephrectomized pregnant and lactating
rats. It seems probable that the functional reserve in the kidney of
a normal animal is such as to allow for the increased work of preg-
nancy without the necessity for the organ to enlarge.
As was the case in the present experiments, Walter and Addis26
also noted a decrease of the weights of the hearts, livers, and kidneys
after thyroidectomy. Thyroxin caused these organs to increase in
weight, but dinitrophenol did not have this effect. Addis states
that thereby he eliminated the possibility that changes in "metabo-
lism" per se determine kidney size.
Although the heart appears to be small in thyroidectomized
animals, this is not true in most human examples of adult myxedema,
especiallythe long-standing cases where the heart may be very large.
One cannot escape gaining the impression that the large size of the
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human heart in myxedema may be due to a complicating factor, pos-
sibly an avitaminosis (B1), which may have been induced by a low
food intake. This perhaps deserves to be investigated clinically.
The present experiments may well be criticized in that the thy-
roidectomies may not have been complete, because this operation is
notoriously difficult in rats, a species likely to have thyroid rests. All
that can be said in favor of the thyroidectomies having been com-
plete is that only animals showing the syndrome of surgical myxe-
dema were used, and a random group of these rats had markedly
subnormal metabolic rates.
The factor of difference in metabolism affecting the results may
have been eliminated in the paired feeding experiment, for Lee and
Ayres"2 calculated fromtheir experiments that "total energy metabo-
lism" was equal in pair-fed hypophysectomized and normal rats.
The liver regenerates following hypophysectomy just as wounds
heal, hair grows, and other tissues are replaced in these animals after
injuries, but the quantity of liver tissue regenerated in hypophysec-
tomized animals is said by Franseen and co-workers' to be approxi-
mately three-fourths that of normal animals. This appears to be in
keeping with the observations herein reported where, following
hypophysectomy, the liver decreased to two-thirds its former size.
Franseen, Brues, and Richards' are inclined to believe that the
observed diminution in size of the liver in hypophysectomized ani-
mals is in some way dependent upon their lowered food intake.
However, in our experiments, as in theirs, the partially starved
control rats had larger livers than did the hypophysectomized.
Summary
The compensatory hypertrophy of the kidney which normally
follows unilateral nephrectomy did not take place in a group of
adult albino rats whose pituitary glands had been extirpated prior to
nephrectomy.
The kidneys of hypophysectomized rats weighed significantly
less, when expressed simply in grams of actual weight or in grams
per unit of body weight, than the kidneys of normal controls. The
hearts of the hypophysectomized animals were smaller than normal.
Thyroidectomy was followed by a decrease in the size of the
hearts, as was the case following hypophysectomy, yet, unlike
hypophysectomy, thyroidectomy permitted a normal degree of renal
hypertrophy following unilateral nephrectomy.540 YALE JOURNAL OF BIOLOGY AND MEDICINE
The amount of food consumed by the animals probably had no
bearing on the results.
The liver decreased in size following hypophysectomy, but not
after thyroidectomy.
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